© Springer-Verlag 1997 Summary Our aim is to determine non-insulin-dependent diabetes mellitus (NIDDM) incidence in Taiwan and examine its relation to obesity and hyperinsulinaemia in Chinese men and women. A total of 995 men and 1195 women aged 35±74 years free from diabetes in two townships in Taiwan were followed up with a second examination. At baseline general and metabolic data were recorded, and detailed anthropometric parameters and plasma glucose and insulin were assessed. World Health Organisation (WHO) criteria of fasting glucose 7.8 mmol/l or greater was utilized for defining diabetes. The age-standardized incidence rate based on the United States population in 1970 was 9.3/1000 (CI 5.8±12.8) in men and 9.3/1000 (CI 6.2±12.4) in women and the based on the WHO population in 1976 was 8.9/1000 (CI . 5± 12. 3) in men and 8.9/1000 (CI 5.9±11.9) in women for the Chinese who had a mean BMI slightly greater than 24 (kg/m 2 ). The predictability of the plasma glucose level was greater than that of the insulin level and the obesity indices. NIDDM incidence increased approximately threefold with each 0.67 mmol/l increase in plasma glucose level in men and women. The present study demonstrated the essential relationship of not only BMI but also central obesity indices (such as subscapular and waist circumference) to the incidence of NIDDM among men and women and a stronger relationship between NIDDM incidence and obesity in women than in men. The predictive effects of obesity indices and fasting plasma insulin values on NIDDM risk were independent of each other in men. Obesity and hyperinsulinaemia each without the presence of the other can lead to an increased risk of NIDDM. In women the NIDDM incidence increased more than additively in those with both obesity and hyperinsulinaemia compared to those with single obesity or hyperinsulinaemia. A slightly higher incidence of NIDDM in Taiwan than in western countries was found. The importance of obesity is indicated for predicting NIDDM in the community. Hyperinsulinaemia was found to play a significant role in predicting NIDDM incidence independent of obesity in men and synergistically with obesity in women. [Diabetologia (1997) 
40: 1431±1438]
Keywords Non-insulin-dependent diabetes mellitus, incidence, risk factors, anthropometry, obesity, insulin-blood, Taiwan-epidemiology. study presents incidence data of non-insulin-dependent diabetes mellitus (NIDDM) and its relation to gender, various obesity indices and insulin level in a community-based population.
Regarding the risk factors for NIDDM, many studies have shown an increased prevalence of NID-DM in individuals with abdominal fat accumulation, but there are still relatively few prospective studies. Earlier cohort studies have shown an association between obesity and NIDDM incidence for men [4±6] , and for the general population in the Netherlands [7] . Furthermore, in the 8-year follow-up study of Mexican-Americans of both sexes [8] , increased waist circumference was found to be more strongly associated with diabetes in women than in men. However, an elevated insulin concentration which is observed in both obese and NIDDM patients was not considered in these studies. An association between insulin and NIDDM incidence has been documented for Pima Indians [9] , Micronesians from the island of Nauru [10] , Mexican-Americans [23, 24] and a relationship has also been reported between C-peptide and NIDDM for Japanese-Americans [5] . The current study takes both obesity and insulin into account separately for males and females. Moreover, we examined the interaction between obesity and hyperinsulinaemia on NIDDM incidence.
Subjects and methods
Study population. The CardioVascular Disease risk FACtor Two-township Study (CVDFACTS) has been in progress since November 1990. A description of the cohort has been detailed previously [11] . One town (Chu-Dung) is located in the northwest and the other (Pu-Tzu) in the south-west of Taiwan. Five villages in each of the two townships were randomly selected from those with more than 1000 people or which had a population density greater than 200 per square kilometer. All the residents in the total of 10 villages were invited to participate in the study with an invitation describing the study and its purpose. Second and third notices were sent to those who did not respond. The baseline cohort was followed up to August 1996.
The initial response rate of the invited families was 67 %. The baseline measurements were carried out between November 1990 and September 1993. A total of 3401 subjects aged 35±74 years with all investigated factors measured and free of NIDDM by World Health Organisation criteria [12] at baseline were followed up to 5 years in a second examination between December 1993 and October 1996. The average followup period was 3.3 years. The incidence of NIDDM was based on two single follow-up glucose measurements and information on diabetic medication in the first and second examinations. From our observations, new cases of diabetes under the age of 35 years were rare. Including subjects aged 25±34 years will result in a reduction of statistical power because of the small numbers. Therefore, the lower age limit was set at 35 years. The upper age limit was set at 74 years since the observation of the disease in people above age of 75 years would be affected by mortality. For those present at the initial baseline examination but not at the follow-up intervals, three phone calls and two home visits were made. Questionnaires, blood sampling for glucose and insulin testing, and anthropometric measurements were completed at home visits if the subjects were unable to come to the clinical centres for full examinations.
Data collection. Anthropometric measurements have been previously described in detail [13] . All measurements were performed by the same team of two trained technicians. Height and weight were measured in light clothing without shoes. Body mass index (BMI) was calculated as weight (kg) divided by height (m) square. Circumferences of mid-upper-arm (Arm C), waist (Waist C) and hip (Hip C) were measured using cloth anthropometric tape. Waist-hip ratio (WHR) was calculated as Waist C divided by Hip C. Triceps (Triceps) and subscapular (Subscap) skinfold thickness was measured twice by Harpendon skinfold calipers and the average data were calculated for statistical analyses. Venous blood specimens were obtained after a 10 h fast without smoking before the examinations. The blood samples were centrifuged within 30 min, and the plasma was collected and stored at ±70°C while waiting for the measurements of glucose and insulin concentrations. Plasma insulin concentration was measured by Coat-A-Count Insulin Radioimmunoassay (RIA) kit (Los Angeles, CA, USA). Its cross-reactivity with proinsulin at mid-curve was approximately 40 %.
Statistical analysis. NIDDM subjects were defined as those who corresponded to the WHO criteria of fasting plasma glucose level greater than or equal to 7.8 mmol/l or taking anti-diabetic therapy. Age-adjusted incidence (Table 3 ) was calculated by direct standardization using the age distribution of the WHO world population in 1976 and the United States population in 1970 [14] . Confidence Intervals (CI) of the incidence rates were calculated according to binomial distribution [15] . For the descriptive analyses and regression models, the Statistical Analysis System (SAS) software was utilized [16] . The baseline characteristics were compared between those successfully followed and those lost to follow-up by ANCOVA (analysis of covariance) adjusting for the effect of age ( Table 1 ). The same approach was used to compare between diabetic and non-diabetic groups (Table 2) . Age-adjusted logistic regression analyses were performed to compare the effects of fasting plasma glucose (glucose), insulin (insulin) values and several obesity indices as linear variables in predicting NIDDM incidence (Table 4) . Insulin was further adjusted in the logistic regression to examine the independent effects of obesity indices (Table 5). In the same regression models, the results for insulin level were also shown in Table 5 to compare partial p-values of insulin and obesity indices. Relative Risk (RR) for each risk factor was standardized to correspond to the risk given one standard deviation (SD) change and the SD of each independent variable was shown.
In order to assess the interaction of obesity and hyperinsulinaemia, NIDDM incidence was calculated in four groups: those without obesity or hyperinsulinaemia, those with single obesity or hyperinsulinaemia, and those with both. In this analysis, subjects with obesity were defined as men with waist girth 84.2 cm or more (76.4 for women), BMI 24.0 kg/m 2 or more (23.9 for women), subscapular skinfold thickness 1.52 m or more (1.86 for women) and arm circumference 30.0 cm or more (28.6 for women). The 50 th percentile values of the obesity indices were selected as the above cutoff points to ensure proper interpretation of data and sufficient number of subjects in the obese category. Subjects with hyperinsulinaemia were those with fasting plasma insulin concentration 66 pmol/l for both sexes.
Results
A total of 252 subjects (6.9 % of the baseline cohort) with NIDDM at baseline were excluded based on fasting glucose 7.8 mmol/l or more or anti-diabetic therapy. A total of 995 men and 1195 women were successfully followed up, achieving a rate of 64 %. Table 1 shows the comparisons of all risk variables examined between those who were successfully followed-up and those who were not. Men lost to follow-up were 1.4 years younger and their age-adjusted Arm C and Triceps were slightly lower than those of the followed-up men. In women, those lost were generally more obese and had higher glucose levels than those followed-up. Table 2 shows the baseline characteristics of subjects with and without diabetes at the time of followup. Those who developed NIDDM at the follow-up tended to be significantly older, having higher ageadjusted values of Waist C, Hip C, WHR, Subscap, BMI, and Arm C. A significant difference of triceps skinfold thickness was only observed in women. The difference between non-diabetic and diabetic groups in baseline obesity indices tended to be greater in women than in men. This phenomenon was most apparent in Subscap. Those who developed NIDDM also had significantly higher levels of fasting plasma glucose (6.41 mmol/l vs 5.47 in men and 6.20 vs 5.37 in women) and insulin concentration (136.8 pmol/l vs 46.3 in men, and 82.4 vs 52.9 in women) than those who remained non-diabetic.
A total of 60 subjects without diabetes at baseline subsequently developed the disease (Table 3) . NID-DM incidence rates increased with increasing age from 4.8 per 1000 person-years for men (3.4 for women) aged 35±45 years to 18.5 per 1000 (14.9 for women) aged 65±74 years. Women had higher rates than men in the age range 45 to 64 years, whereas men aged 65±74 years experienced much higher rates. Overall, the age-standardized rate in men aged 35± 74 years was the same as that in women.
From Figure 1 , NIDDM incidence increased considerably once the fasting plasma glucose level reached 5.79 mmol/l or more, with an eightfold increased risk compared to the second (no new NIDDM cases in the first) quartile in women and Mean values for risk variables were age-adjusted and tested by analysis of covariance (ANCOVA) 11.4-fold in men. NIDDM incidence also increased with increasing insulin concentration, reaching 13.9 and 19.2 per 1000 at 62.2 pmol/l in men and women, respectively. The results of logistic regression in Table 4 show that glucose and insulin concentrations were significantly associated with NIDDM incidence after adjustment for age in both men or women. NIDDM incidence increased around three times for each 0.67 mmol/l increase (one standard deviation) in the fasting plasma glucose level for men and women.
NIDDM incidence increased more than twice for men and 1.5 times for women in each increase of approximately 43 pmol/l in insulin level. The age-adjusted effect of glucose level was greater than plasma insulin as also shown in Table 5 when both factors were in the multiple logistic regression model.
In terms of the relationship between obesity and NIDDM incidence (Table 4) , indices for measuring obesity at the trunk (particularly Waist C and Subscap) and for general obesity (BMI) predicted incidence better than indices for the extremes of the body such as Triceps and Arm C. A stronger relation between NIDDM incidence and obesity was observed in women than in men particularly for Waist C, BMI, Subscap and Arm C. It is worth noting that WHR was not as a good a predictor as Waist C.
Insulin was further adjusted in addition to age (Table 5) to examine the independent effect of obesity on NIDDM incidence. In addition we also showed an effect of insulin independent of age and obesity indices (or glucose). We found that the effect of fasting plasma insulin level was more significant than those of all obesity indices in men by comparing the p-values. In addition, the effects of insulin and obesity were independent of each other. But in women, the effect of obesity indices was greater and more significant than that of insulin level. The effect of obesity was independent of insulin, but not vice versa. Figure 2 shows that men with obesity experienced a higher risk of NIDDM incidence regardless of the coincidence of increased insulin level (p = 0.0113). On the other hand, men with hyperinsulinaemia also had a higher risk of NIDDM in either the obese group or the non-obese group at a borderline significant level (p = 0.0585). However, in women a significant interaction between obesity and hyperinsulinaemia (p = 0.0106) was observed. The incidence increased more than additively with the occurrence of obesity and hyperinsulinaemia together compared to 
Discussion
To our knowledge, this is the first prospective study to demonstrate NIDDM incidence in Taiwan. Incidence data on Chinese populations are scarce. Previous studies were carried out largely in high-risk groups such as Pima Indians and Mexican-Americans. For the lower risk groups, long term follow-up studies have been unfortunately carried out using different criteria. Caution should be exercised when comparing NIDDM incidence between studies because of the different diagnostic procedures and age distributions. In our study, NIDDM diagnosis was based on the WHO criterion of fasting plasma glucose. Our recent national nutrition survey data [17] showed that diabetes prevalence may increase considerably by using oral glucose tolerance test (OGTT) as compared to the fasting plasma glucose test, particularly in women. Similar results have been reported from the NHANES study [18] . The prevalence data in our second examination showed that, for subjects aged 35± 74, using OGTT for those with fasting glucose over 6.1 mmol/l instead of using fasting data alone will increase NIDDM prevalence from 7.4/100 to 8.6/100 (16.8 % increase) in men and from 7.4/100 to 9.0/100 (23.7 % increase) in women. It has been suggested that the WHO criteria of fasting glucose for diagnosis of diabetes should be lowered. We used fasting plasma glucose level 7.8 mmol/l or greater as the criteria in the present study at both baseline and follow-up. See Table 4 for standard deviations of the independent variables. SRR, Standardized relative risk;
Results for insulin were adjusted for age and obesity index (or glucose)
The incidence may be different from that defined by OGTT. However, this difference may not be substantial. On one hand, we have included in the population at risk some prevalent cases who were not identified by the fasting glucose criterion. On the other hand, some incident cases that should have been identified by the OGTT criteria were missed at the follow-up. These two numbers may cancel each other out. Incomplete follow-up could also affect the incidence estimates. In this study, women lost to follow-up tended to be more obese than those who were not. Therefore, the incidence estimates obtained pertain to those who were successfully followed-up. Data from the review by Wilson et al. [19] indicated that the incidence rates were between 5 and 10 per 1000 for those aged 50 years or over in the United States. As compared to this study, our age-adjusted rates of 9.3/1000 in both men and women for 35±74 year age group were similar. The rates for age 55±64 (11.6/1000 in men and 12.7/1000 in women) in the present study also tended to be higher than those in Wilson et al.'s report for those aged 50 and over. More recent studies on NIDDM incidence have been carried out for non-Hispanic whites [10] and reported the cumulative rates of 1.1, 2.6, and 4.1 % for age 35-, 45-, and 55±64 groups, respectively. However, personyear incidence data were not available in this report for direct comparisons with our results. Our NIDDM incidence also appeared to be higher than that of a Swedish study with compatible mean age [4] in which a rate of 4.6 per 1000 person-years can be calculated. A recent report from Daqing, mainland China [20] showed that the NIDDM incidence rates for those aged 25±74 (1.37/1000 in men and 1.25/1000 in women) were much lower than what we found in Taiwan. They used 2-h post-breakfast plasma glucose at baseline for exclusion but used presence of glucose in 2-h post-breakfast urine as measured by urine stick to identify incident cases at follow-up, which may artificially lower the incidence.
The present study showed that diabetes incidence increased largely from the third to the fourth quartile of baseline glucose level. The incidence increased 11-fold in men and 8-fold in women compared to the second quartile once plasma glucose level reached 5.79 mmol/l. For prevention of NIDDM this is an important reference for clinicians to identify groups at high risk of developing NIDDM in the community.
Obesity has been suggested as an important risk factor for diabetes in various countries and ethnic groups [3, 21±24] . In the Framingham study, BMI significantly predicted 8-year incidence of NIDDM independent of blood pressure, cardiovascular disease and lipids in both genders [21] . The present study demonstrated the essential relationship of not only BMI but also central obesity indices (such as Waist C, Subscap, and WHR) to the incidence of NIDDM among men and women. The importance of central obesity has also been consistently found by others [21±24] .
Among the indices of abdominal fat accumulation, WHR was traditionally frequently used. However, our study showed that waist circumference was more sensitive as an index for predicting NIDDM incidence than WHR, with the highest standardized RR among the obesity indices of 2.92 in men and 2.62 in women (Table 5) . Whereas for WHR, it was 1.75 in men and 1.66 in women. This phenomenon was in part due to a significant relation between Hip C and NIDDM risk. It is suggested that the measurement of waist circumference is a convenient and effective approach when searching for a group at high-risk of developing NIDDM.
Our analyses showed a stronger relationship between NIDDM incidence and obesity in women than in men, particularly for Subscap, BMI and Arm C. Almost all the obesity indices were still significantly associated with NIDDM incidence even after the adjustment of insulin concentration in women; whereas in men the relative risks became moderate or even non-significant in some indices. In our population, women were younger than men in both non-diabetic and diabetic groups ( Table 2) . Also the variations of all obesity indices in women were either similar or slightly larger than those in men. Thus the remarkable relationship between obesity and NIDDM incidence in women did not result from older age or from larger variations in obesity indices in women than in men. Another reason may be the high fat mass (in proportion to body weight) in women. In a study of healthy Europeans [25], women with a mean BMI of less than 25 kg/m 2 had higher fat mass and higher NIDDM incidence than men. This may also be attributed to less exercise in women than in men [26] .
The notable association between insulin and NID-DM incidence in both sexes is similar to that for high diabetes risk groups such as Mexican Americans [8] , Pima Indians [27] and Nauruans [10] . Our study also showed that in men the effect of insulin level was independent of all the obesity indices in logistic regression. This result was further strengthened by the finding shown in Figure 2 . In men hyperinsulinaemia per se and obesity per se without the presence of the other can lead to significantly increased risk of NIDDM. This seems to indicate that obesity and hyperinsulinaemia do not necessarily have to occur in a fixed sequence in the pathogenesis of NIDDM. Vast amounts of literature have shown that hyperinsulinaemia often coexists with obesity [28] . The causal sequence of obesity and hyperinsulinaemia is controversial. A recent study [29] has shown that normalizing plasma insulin can reduce food intake and the rate of weight gain. Further research on this is required.
In women, however, the effect of hyperinsulinaemia on NIDDM risk is small in the absence of obesity. In the obese women, hyperinsulinaemia exerts a synergistic effect on NIDDM incidence. On the other hand, in the absence of hyperinsulinaemia, the predictive role of obesity was there. The logistic regression data indicated that effect of obesity in women was independent of insulin value. But insulin effect was not independent of obesity in women. Perhaps in women it is more likely that obesity leads to hyperinsulinaemia which in turn produces NIDDM in women. Further investigation of the developmental difference in NIDDM between men and women is warranted.
In conclusion, the present study demonstrated a United States population standardized NIDDM incidence rate of 9.3/1000 (CI 5.8±12.8) in Chinese men and 9.3/1000 (CI 6.2±12.4) in Chinese women who lived in Taiwan and had a mean BMI slightly greater than 24. It is indicated that both an overall obesity index ± BMI and abdominal fat indices can predict NIDDM risk. The effects of hyperinsulinaemia and obesity on NIDDM risk were independent of each other in men. But the effect of synergistic interaction of hyperinsulinaemia and obesity was profound in women.
